INTRODUCTION
It has been well-established that many Xanthomonas pathogens translocate the so-called effector proteins directly into plant cells via a type III secretion system (T3SS). These type III secreted (T3S) effectors are essential for the pathogens to cause disease in *Corresponding author. E-mail: jltang@gxu.edu.cn. Tel: 86-771-3239566 . Fax: 86-771-3239413. susceptible host plants and to elicit hypersensitive response (HR) in resistant host and non-host plants (Lindgren, 1997; Büttner and Bonas, 2006; Büttner and He, 2009) . The T3S effector XopN in Xanthomonas campestris pathovar vesicatoria (Xcv), the causal agent of bacterial spot disease in pepper and tomato plants, has been shown to reduce pathogen-associated molecular pattern (PAMP)-induced gene expression and callose deposition in both tomato and Arabidopsis tissues, indicating that XopN suppresses PAMP-triggered immune (PTI) responses during Xcv infection (Kim et al., 2008 (Kim et al., , 2009 . Furthermore, it has been shown that an "LXXLL" motif in the N terminus of the XopN protein is required for tomato atypical receptor-like kinase1 (TARK1) binding and contributes to XopN-dependent virulence in tomato (Kim et al., 2009) .
Xanthomonas campestris pathovar campestris (Xcc), the causal agent of black rot disease of cruciferous crops, has been used as a model bacterium for studying the molecular mechanisms of pathogen-plant interactions. In our previous work, we found that the XopN homologue XopXccN in Xcc is also a T3S effector, and the disruption of xopXccN resulted in a significant reduction in virulence and growth of the pathogen in plants , indicating the importance of this effector class in bacterial pathogenesis (Roden et al., 2004; Jiang et al., 2008) . However, the "LXXLL" motif is absent in Xcc XopXccN effector protein. Therefore, we set out to dissect the molecular mechanism of XopXccN in pathogenesis. First, we investigated whether Xcv xopN could replace xopXccN for the virulence of Xcc. Then, we sought the protein changes caused by XopXccN in the host plant Chinese radish. Here, we present our primary results showing that the molecular mechanism of XopXccN and XopN in pathogenesis may not be the same.
MATERIALS AND METHODS

Bacterial strains, plasmids, growth conditions, and DNA manipulations
The bacterial strains and plasmids used in this work are listed in Table 1 . All Xcc strains were grown at 28°С in the rich medium NYG (Daniels et al., 1984) . Escherichia coli strains were grown in LB medium (Miller, 1972) at 37°С. Antibiotics were used at the following final concentrations as required: gentamycin (Gm), 5 μg/ml; kanamycin (Kan), 25 μg/ml; rifampicin (Rif), 50 μg/ml; spectinomycin (Spc), 50 μg/ml; and tetracycline (Tc), 15 μg/ml for E. coli and 5 μg/ml for Xcc and Xcv. Standard DNA manipulations were performed as described by Sambrook et al. (1989) . Conjugation between the Xanthomonas and E. coli strains was performed as described previously (Daniels et al., 1984) . Restriction enzymes and DNA ligase were used in accordance with the manufacturer's instructions (Promega).
Construction of the xopN mutant and the complementary strains
To obtain the xopN (XCV2944) mutant, the fragment containing the integration region of xopN was amplified from Xcv 85-10 using the primer set MxopN-F/MxopN-R (Table 2) and cloned into pK18mob, generating the plasmid pKNxopN (Table 1) . After confirmed by sequencing, the plasmid pKNxopN was transferred into Xcv 85-10 by triparental conjugation. Transconjugants were screened on NYG plates supplemented with rifampicin and kanamycin, and the obtained xopN mutant NKxopN (Table 1) was confirmed by PCR using the primer set PK-F/CMxopN-R (Table 2) .
For construction of the complementary strain of xopN mutant, a 2715-bp fragment from 500-bp upstream of the start codon to 13-bp downstream of the stop codon of xopN was amplified from Xcv 85-10 using the primer set CMxopN-F/CMxopN-R (Table 2) and cloned into pK18mob, yielding pKxopN (Table 1) . After confirmed by sequencing, the 2715-bp fragment was excised and cloned into pLAFR6, yielding pLxopN (Table 1 ). The plasmid pLxopN was transferred into Xcv xopN mutant NKxopN and Xcc xopXccN mutant 050D08 respectively by triparental conjugation, generating the complementary strains NKxopN/pLxopN and 050D08/pLxopN (Table 1) .
Virulence assay
The virulence of Xcc and Xcv strains were tested using potted Chinese radish 501 by the leaf clipping method and tomato by the hand-inoculation method, respectively, as described previously (Meyer et al., 2005; Tang et al., 2005) . The plants were grown in a greenhouse with a day and night cycle of 12 and 12 h with illumination via fluorescent lamp at 25 to 28°C. Bacterial cells were grown in NYG medium at 28°С with shaking at 200 rpm for 15 h. The cell concentration was adjusted to OD600 = 0.001 for Xcc clipping and 0.3 for Xcv infiltration. Disease symptom was measured 10 days post-inoculation. Three repeated independent experiments were performed.
Translocation assay
To detect the translocation of XopN in Xcc, the 1060-bp fragment containing the putative promoter and signal sequence of xopN (from 508-bp upstream to 552-bp downstream of the start codon) was amplified from Xcv 85-10 using the primer set PxopN-F/PxopN-R (Table 2) and cloned into pK18mob, yielding pKPxopN (Table 1) . After confirmed by sequencing, the 1060-bp fragment was excised and cloned into pLBs1 (Xu et al., 2008) , yielding pLPxopNBs1 (Table 1 ). The plasmid pLPxopNBs1 was introduced into the avrBs1-deletion mutant 8004∆avrBs1 (Xu et al., 2008) by triparental conjugation. The obtained strain 8004∆avrBs1/pLPxopNBs1 (Table  1) was infiltrated into leaves of pepper (Capsicum annuum) cv. ECW-10R. The strain 8004∆avrBs1/pLJB0241 was used as a positive control.
Hypersensitive response test
The ability of Xcc strains to elicit HR was tested on pepper ECW-10R, a nonhost plant commonly used to test HR of Xcc (Castañeda et al., 2005; Xu et al., 2008) . Bacterial cells of Xcc strains from overnight cultures were washed, resuspended in 10 mM sodium phosphate buffer to a concentration of OD600 = 0.3, and infiltrated into pepper leaf tissues using a needleless syringe. After inoculation, the plants were maintained in a greenhouse with a day/night cycle of 16/8 h illumination by fluorescent lamps and at a constant temperature of 28°С with 80% relative humidity. HR symptoms were photographed 8 h post-inoculation. At least three plants were inoculated in each experiment, and each experiment was repeated at least three times.
Protein extraction
The Chinese radish 501 leaves inoculated via mesophyll infiltration 3 days post-inoculation were ground to a powder in liquid nitrogen and extracted with phenol extraction buffer (3 ml/g fresh weight of leaves) as described previously (Isaacson et al., 2006) . After 0.1 M ammonium acetate precipitation, methanol wash and acetone wash, the purified total proteins were resolved with the isoelectric focusing (IEF) buffer according to Ettan DIGE System User Manual (GE Healthcare). Proteins were further purified by 2-D Clean-Up Kit and quantified using the 2D-QUANT kit (GE Healthcare). The aliquots were stored at -80°C.
Fluorescence labeling with CyDyes
The pH of protein samples were adjusted to 8.5 with 50 mM sodium hydroxide and labelled with the CyDye DIGE Fluor minimal for twodimensional difference gel electrophoresis (2D-DIGE) technology (GE Healthcare) according to the manufacturer's recommended protocol. Three group samples were labeled with Cy3 (Chinese radish challenged with Xcc 8004 in gel 1 and 3 while mutant 050D08 challenged in gel 2) or Cy5 (Xcc 8004 challenged in gel 2 while 050D08 challenged in gel 1 and 3). Meanwhile, a mixture of equal amounts of the samples from Xcc 8004 challenged and 050D08 challenged were labeled with Cy2 as internal standards. In each sample 50 μg proteins were labelled with 400 pmol fluorochromes. Labeling reaction was performed and the rehydration buffer was supplemented to the labeled samples for an ultimate 450 μl volume according to Ettan DIGE System User Manual (GE Healthcare).
Difference gel electrophoresis (2D-DIGE)
The first dimension IEF was carried out by an Ettan IPG Phor system on a 24 cm DryStrip gel (non-linear pI 3 to 10, GE Healthcare) according the program: 200 V for 1 h, 500 V for 1 h, 1000 V for 1 h, 8000 V for 1 h, and 8000 V for 7 h in 20°C. Focused IEF strips were equilibrated in DTT buffer for 15 min and then placed in iodoacetamide buffer for 15 min according to Ettan DIGE System User Manual (GE Healthcare). Acrylamide gels were prepared (12.5%) and run at 25°C, 20 W per gel for approximately 6 h (Ettan DALTtwelve system, GE Healthcare). Three sets of 2D-DIGE gels for each treatment were run simultaneously to reduce the variation.
Image analysis and protein identification
The gels were scanned using a Typhoon 9410 variable mode imager (GE Healthcare) in corresponding wavelengths. After images scanning, spot fluorescence intensities were then analyzed with DeCyder 2D 6.0 software (GE Healthcare). Co-detection and quantification in differential in-gel analysis module were first used to analyze the three gels. Then, differential protein expression levels between the experimental samples were analyzed in biological variation analysis module. Protein spots that were differentially expressed in Xcc 8004 challenged and mutant 050D08 challenged were marked from the three gels (ratio > 1.8, P < 0.01). Spots for mass spectrometric analysis were picked from a separate preparative gel on which 400 μg sample proteins challenged with mutant 050D08 had been run and stained with Coomassie G250. Protein spots indicated by 2D-DIGE analysis were excised manually, and proteins within the gel-excised spots were purified and digested to peptides for mass spectrometric analysis using a MALDI-TOF/TOF mass spectrometer 4800 Proteomics Analyzer (Applied Biosystems). Fragmentation data were queried in the National Center for Biotechnology Information non-redundant (NCBInr) database using the Mascot search engine (http://www.matrixscience.com). Probability-based Mascot scores were used to evaluate the identifications, and only matches with P < 0.05 for random occurrence were considered significant.
Real-time polymerase chain reaction (RT-PCR)
The leaves of Chinese radish 501 inoculated with Xcc 8004, the xopXccN mutant 050D08, and the mutant NK1553 of avrACXcc8004 (Xu et al., 2008) via mesophyll infiltration 3 days post-inoculation were ground to a powder in liquid nitrogen. Total RNA was isolated from plant tissues using TRIzol reagent (Invitrogen). For cDNA production, 1.5 μg of total RNA was reverse-transcribed using oligo(dT) 18 primer in a 20 μl reaction mixture (RevertAid First Strand cDNA Synthesis Kit, Fermentas). This template was diluted to a final concentration of 5 ng/μl and 2 μl aliquot was used for RT-PCR analysis. Actin (ACT2, AT3G18780) was used as a control in RT-PCR. The primer sets of LHCA1, LHCA2, vacuolar invertase, RPS1, RuBisCO, PsbP, and Actin were listed in Table 2 .
Detection of reactive oxygen species (ROS)
Detection of ROS in leaves was performed as described by Shin and and Schachtman (2004) . The leaves of Chinese radish 501 were hand-infiltrated with a 3 × 10 8 cells/ml suspension of Xcc 8004, xopXccN mutant 050D08, and the complementary strain C050D08. The leaves were stained with CM-H2DCF diacetate, acetyl ester 24 h post-inoculation and then visualized using confocal microscopy (Zeiss) at 488 nm, at magnification × 200. The fluorescence intensity was quantified by the Zeiss LSM software. Eight views per sample were counted, and approximately 20 leaf guard cells were analyzed.
Callose staining
Chinese radish 501 leaves were infiltrated with a 2 × 10 8 cells/ml suspension of Xcc 8004, xopXccN mutant 050D08, and the complementary strain C050D08. The leaves were harvested 12 h Bacterial cells of Xcc strains from overnight cultures were washed, resuspended in 10 mM sodium phosphate buffer to a concentration of OD600 = 0.3 and were infiltrated into pepper leaf tissues using a needleless syringe. After inoculation, the plants were maintained in a greenhouse with a day/night cycle of 16/8 h illumination by fluorescent lamps and a constant temperature of 28°С with 80% relative humidity. HR symptoms in pepper (Capsicum annuum) cv. ECW-10R were photographed 8 h post-inoculation. At least three plants were inoculated in each experiment, and each experiment was repeated at least three times.
after bacterial infiltration, cleared, and stained with aniline blue for callose, as described previously (Keshavarzi et al., 2004) . The leaves were examined using an Axiophot D-7082 photomicroscope (Zeiss) with an A3 fluorescence cube. The number of callose depositions was determined using Image-Pro Plus software (Media Cybernetics). At least 10 adjacent view fields from each leaf (without the main vein or leaf edge) were investigated, counted and averaged.
RESULTS
Xcv xopN failed to restore the reduced virulence of Xcc xopXccN mutant in planta
According to the report of Kim and associates, the"LXXLL" motif in the N terminus of Xcv XopN (XCV2944, GenBank accession number YP_364675) isrequired for TARK1 binding and contributes to XopNdependent virulence in tomato (Kim et al., 2009 ). Our previous work demonstrated that the disruption of xopXccN (XC0241, GenBank accession number YP_241348), the xopN homolog in Xcc, resulted in a significant reduction in virulence and growth of the pathogen in planta . However, bioinformatics analysis showed that the "LXXLL" motif is absent in XopXccN, and XopXccN shares 62% identifies with XopN, while the N-terminus of XopXccN containing the putative secretion and translocation signal is distinctly different from the corresponding region of XopN. To investigate whether XopXccN has similar functionality as XopN, we determined whether the reduced virulence of the xopXccN mutant could be restored by xopN in trans. The plasmid pLxopN harboring the entire Xcv xopN gene was transfer into the xopXccN mutant 050D08 of Xcc and the xopN mutant NKxopN of Xcv respectively (see MATERIALS AND METHODS for details). The complementary strain C050D08 (Table 1) , which contains the recombinant plasmid pLxopXccN harboring the entire xopXccN gene, was used as a positive control. Plant assay showed that the Xcv xopN mutant NKxopN caused a distinctly reduced virulence on tomato as compared to the wild type strain Xcv 85-10, and its reduced virulence could be restored by pLxopN in trans ( Figure 1A) , indicating that the plasmid pLxopN worked well. However, the virulence on Chinese radish 501 caused by 050D08/pLxopN was not significantly different with that caused by 050D08, but significantly weaker than that caused by the wild type strain 8004 and the complementary strain C050D08 ( Figure 1B) 
(P < 0.01 by t-test).
These results reveal that the reduced virulence of Xcc xopXccN mutant cannot be restored by the xopN gene of Xcv in trans, in other words, Xcv xopN cannot replace xopXccN for the virulence of Xcc.
Xcv XopN in Xcc could be translocated into plant cells
As described above, bioinformatics analysis revealed that the secretion and translocation signal-containing N-termini of Xcc XopXccN and Xcv XopN are distinctly different. To verify whether Xcv XopN in Xcc can be secreted and translocated into plant cells, we employed the previously established translocation assay using the HR-inducing domain of the avirulence (Avr) effector protein AvrBs1 from Xcc as a reporter (Xu et al., 2008; Jiang et al., 2008 Jiang et al., , 2009 ). The recombinant plasmid pLPxopNBs1 (Table 1) was constructed, which contains the secretion and translocation signal domain of Xcv XopN fused in frame to the truncated version of Xcc Avr protein AvrBs1 lacking its secretion and translocation signal domain (58 N-terminal amino acids) (see MATERIALS AND METHODS for details). The plasmid pLPxopNBs1 was introduced into Xcc avrBs1-deletion mutant 8004∆avrBs1 (Table 1) , and the obtained strain named 8004∆avrBs1/pLPxopNBs1 was then infiltrated into the leaves of pepper ECW-10R for HR detection. The strain 8004∆avrBs1/pLJB0241 (Table 1) containing the T3S signal of XopXccN fused to AvrBs1 59-445 was used as a positive control. As shown in Figure 1C , the strain 8004∆avrBs1/pLPxopNBs1 induced an obvious HR in pepper ECW-10R, the same as that induced by 8004∆avrBs1/pLJB0241, indicating that Xcv XopN in Xcc could be secreted and translocated into plant cells.
The expression of several host proteins were suppressed by XopXccN
In order to get a clue about the function of XopXccN in host plant, we performed a 2D-DIGE to analyze the proteins differentially expressed in the xopXccN mutantinfected and the wild type-infected host tissues. The total protein of Chinese radish 501 leaves challenged with the wild type strain 8004 and the xopXccN mutant 050D08 respectively were extracted, labeled, and analyzed by 2D-DIGE (details are shown in MATERIALS AND METHODS). The three gel images in which Cy2, Cy3, and Cy5 information were collected using Typhoon 9410 variable mode imager were analyzed by DeCyder 6.0 software. A typical 2-DE gel illustrating the protein spot resolution is presented in Figure 2A , in which the Cy3, Cy5, and Cy2 labeled proteins from Chinese radish 501 challenged with strain 8004 and mutant 050D08 are shown in green, red, and blue, respectively. To sum up, 2650 global protein spots (increased 10, decreased 2, and no change 2638) (data not shown) were detected according to the condition: ratio > 1.8, P < 0.05 ( Figure  2A ). Ten differentially up-regulated protein spots (spots 966, 1931, 1998, 2001, 2007, 2012, 2032, 2087, 2389, and 2589) were observed in the mutant challenged sample ( Figures 2B and C) , suggesting that XopXccN might suppress the expression of these proteins in host cells. These protein spots were further identified by MALDI-TOF/TOF mass spectrometer. The fragmentation data were queried in the National Center for Biotechnology Information non-redundant (NCBInr) database (see details in MATERIALS AND METHODS).
All these protein spots except one (the spot 2589) were identified (Table 3 ). The identified proteins show homologous to a component of the light harvesting complex (LHCA) associated with photosystem I (PSI) and photosystem II (PSII), a protein-coding PSII reaction center PsbP family protein, a large subunit of Ribulose-1,5-bisphosphate carboxylase oxygenase (RuBisCO), a vacuolar invertase, and a Ribosomal protein S1 (RPS1), respectively (Table 3) . Five of them were identified as LHCA proteins (Table 3) .
Some of the XopXccN-suppressed proteins are at the transcription level
To investigate whether the above differentially expressed proteins are specifically suppressed by XopXccN, and whether the expression of the proteins is repressed at the transcription level, we determined the expression of the genes encoding the proteins by RT-PCR. AvrAC Xcc8004 , another identified T3S effector in Xcc (Xu et al., 2008) , was used as a reference. The RNA samples from the leaves of Chinese radish 501 inoculated with the wild type 8004, the xopXccN mutant 050D08, and the avrAC Xcc8004 mutant NK1553 (Table 1) , respectively, were surveyed. The results indicated that at the transcription level, LHCA2 and RuBisCO were specifically suppressed by XopXccN, LHCA1 and PsbP were repressed by both XopXccN and AvrAC Xcc8004 , while no obvious suppression to RPS1 and vacuolar invertase were detected (Figure 3) .
XopXccN suppressed the generation of reactive oxygen species in planta
Since the above proteins identified by the 2D-DIGE analysis are mostly involved in plant photosystems which are the energy center associated with plant defense to phytopathogen (Zou et al., 2005; Jones et al., 2006; Yi et al., 2009; Farinati et al., 2011) , it is necessary to get a further biochemical and genetic verification. The reactive oxygen species (ROS) can modulate calcium signaling in plants and is associated with plant defense using the peroxisome as an important source (Price et al., 1994; Corpas et al., 2001 ). ROS has a very important role in the regulation of stomatal movement in abscisic acid (ABA) signaling in guard cells, and stomata-based defense is an integral part of PAMP-triggered immunity (Melotto et al., 2008; Jannat et al., 2011) . Herein, we detected the ROS in the Chinese radish 501 leaves challenged with the wild type 8004, the xopXccN mutant 050D08, and the complementary strain C050D08. As shown in Figure 4A , in the green fluorescence view, weaker fluorescence was detected in the guard cells in the Chinese radish 501 leaves inoculated with 8004 and C050D08, while stronger fluorescence was observed upon infection with the xopXccN mutant 050D08. The fluorescence intensity in Chinese radish inoculated with the mutant 050D08 were The fluorescence for each sample was normalized to the level observed in control cells. *means there is a significant difference when compared with the control, P < 0.01. Two independent experiments were performed, and similar phenotypes were observed. C, Callose deposition. Leaves were hand-infiltrated with a 2 × 10 8 cells/ml suspension of Xcc wild type strain 8004, xopXccN mutant 050D08, the complementary strain C050D08 and sterile water. Leaves were stained for callose after 12 h postinoculation and then visualized using fluorescence microscopy. Values are the mean number of callose deposits ± standard deviation (SD) from five leaves from five plants. At least three independent experiments were performed, and similar phenotypes were observed. about 2.6 folds higher than that inoculated with the wild type 8004, as indicated by the results of fluorescence quantification assay ( Figure 4B , P < 0.01). These data reveal that XopXccN suppressed the generation of ROS in planta. However, no obvious difference in stomatal movement was observed.
XopXccN suppressed callose deposition in planta
It has been demonstrated that callose deposition, a cell wall-based defense triggered in response to PAMPs in infected host plant, is involved in the plant resistance response (DebRoy et al., 2004) , and the XopN of Xcv suppresses callose deposition in host tissues (Kim et al., 2009) . Although XopXccN lacks the "LXXLL" motif in XopN, the 2D-DIGE analysis revealed that XopXccN suppresses the expression of several proteins involved in plant photosystems that are related to plant defense. Whether XopXccN is involved in plant callose deposition should be studied. As shown in Figure 4C , callose deposition was strongly suppressed in the Chinese radish 501 leaves infected with the wild type 8004 (116±78 per ). These data suggest that XopXccN suppresses callose deposition in Chinese radish 501.
DISCUSSION
As described above, XopXccN and XopN are important T3S virulence effectors of Xcc and Xcv. According to sequence homology, these effectors have been divided into the same class that is widely conserved among Xanthomonas species (Roden et al., 2004) . In this work we show that the XopN of Xcv cannot replace XopXccN for the virulence of Xcc, although Xcv XopN in Xcc can be secreted and translocated into host plant cells. Sequence comparison (Vector NTI Suite 9.0/AlignX) showed that Xcc XopXccN and Xcv XopN shares 72 and 62% amino acid similarity and identity, respectively. The core region from the 82 nd to 676 th amino acid residues of XopXccN is highly conserved to that of XopN. Like Xcv XopN, a three-dimensional position-specific scoring matrix (3D-PSSM) analysis (www.sbg.bio.ic.ac.uk/~3dpssm) (Kelley et al., 2000) showed that the structure of XopXccN also contains antiparallel, α-helical tandem repeats. However, the Nterminal and C-terminal domains of XopXccN share low similarity less than 22% identity with the corresponding domain of XopN, and compared with XopN, XopXccN lacks 22 amino acid residues in the C-terminus (data not shown). How these differences in the structure of XopXccN and XopN affect the pathogenicity of Xcc and Xcv needs to be further studied.
In this work we show that Xcc XopXccN similar to Xcv XopN can also suppress callose deposition in infected host tissues. Deposition of callose at the cell wall of infected tissues is a plant defense response to pathogens. This suggests that like Xcv XopN, Xcc XopXccN also suppresses host cell wall-based defense. In addition, Mass spectrometry results from 2D-DIGE analysis and the RT-PCR results show that XopXccN interferes with the photosystem-related proteins in Chinese radish 501, i.e., five LHCA proteins, PsbP, and RuBisCO (Table 3 , Figures 2 and 3) . It is known that plant photosystems are the energy center associated with plant defense to phytopathogens (Zou et al., 2005; Jones et al., 2006; Yi et al., 2009; Farinati et al., 2011) . Two photosystems, photosystem I (PSI) and photosystem II (PSII), have been found in plants and algae. In Arabidopsis, low levels of the PsbP protein led to a significant loss of the assembled PSI and PSII reaction centers (Yi et al., 2009) . Similarly, previous reports have shown that R-gene-specific down-regulation of PSII transcription was observed during HR in soybeans (Glycine max) and physical damage to the reaction centers resulted in decreased photosynthetic activity (Zou et al., 2005; Jones et al., 2006) . It is conceivable that these photosystem proteins are associated with oxidative burst which is the basis of plant programmed cell death, an integral part of plant defense. RuBisCO is an enzyme involved in the Calvin cycle and catalyzes the first major step in carbon fixation. The content of RuBisCO affects photorespiration which is generally associated with ROS and plant defense (Farinati et al., 2011) . It was reported that the expression of vacuolar invertase in Arabidopsis is changed in response to T3S effector of Pseudomonas syringae (Bonfig et al., 2006) . Furthermore, our results show that XopXccN can suppress the ROS generation in host plants (Figure 4) . ROS generation in the plastoquinone pool and the possible formation of hydroperoxides in the vicinity of PSII are key processes in the primary stages of redox signaling (Ivanov and Khorobrykh, 2003) . Plant defense responses include the synthesis of ROS in guard cells, cell wall crosslinking, reactions that involve peroxidases, and regulation of stomatal movement in ABA signaling (Apel and Hirt, 2004; Melotto et al., 2008; Jannat et al., 2011) . Collectively, our data suggest that XopXccN contributes to the virulence of Xcc most if not all by suppressing ROS generation and cell wall-based defense, and interfering host photosystems.
